Background: This study aimed to estimate the association between eczema in early childhood and the onset of asthma and rhinitis later in life in children. Methods: A total of 3,124 children aged 1-2 years were included in the Dampness in Building and Health (DBH) study in the year 2000, and followed up 5 years later by a parental questionnaire based on an International Study of Asthma and Allergies in Childhood protocol. The association between eczema in early childhood and the incidence of asthma and rhinitis later in life was estimated by univariable and multivariable logistic regression modelling.
Background
The prevalence of eczema has increased to levels of public health relevance in the Western world, especially in children [1] . As the most frequent inflammatory condition in childhood, eczema affects physiological and psychological wellbeing of affected children and results in substantial costs [2, 3] . It has been suggested that early life eczema is a risk factor for the development of asthma later in life [4] . However, evidence for the progression to asthma comes mainly from cross-sectional studies [5] . There are only a few prospective cohort studies that have investigated the association between early life eczema and later onset of asthma and rhinitis [6] [7] [8] [9] [10] [11] . Some of the existing longitudinal studies found no association between eczema and later onset of asthma [6] [7] [8] , and other prospective studies found an eczema/asthma relationship much weaker than expected [9] . This overall weak association might be partly explained by a different effect across eczema subgroups on allergic airway diseases [12] . The severity of eczema has been found to be more closely associated with the risk of developing asthma than the timing of onset, or duration of eczema symptoms [12] [13] [14] . We examined whether eczema in early childhood predicts the later onset of asthma and rhinitis in children and determined the importance of severity, time of onset and persistency of the childhood eczema by analysing data from a large prospective population-based cohort with a follow-up period of 5 years.
Methods

Data collection
The methods of the population-based Swedish Dampness in Buildings and Health (DBH) study have been published by Bornehag et al.. and Larsson et al. [15, 16] .
The DBH study started in 2000, and a questionnaire based on an International Study of Asthma and Allergies in Childhood (ISAAC) protocol [17] was given to parents of all children aged 1 to 5 years living in the county of Värmland (DBH-I). Follow-up was performed in 2005 in children who were aged 1 to 3 years in 2000 (DBH-III). In this study we investigated the children initially aged 1-2 years.
Four thousand and twenty children initially aged 1-2 years had answered a baseline questionnaire in 2000 based on an ISAAC protocol. The cohort of the current study consisted of 3,124 children who responded both to the baseline and a follow-up questionnaire in 2005 (response rate: 77.7%).
Inclusion criteria of the baseline survey were all children living in Värmland aged 1-5 years whose parents gave consent to participate and who answered a postal questionnaire. The study was approved by the regional ethical committee in Örebro.
Definition of variables
The original ISAAC questions were used. In addition, questions on doctor-diagnosed asthma and doctordiagnosed rhinitis were included. The additional questions were: "Has your child been diagnosed with asthma by a physician?" and "Has your child been diagnosed with rhinitis by a physician?" The main outcomes were "5-year cumulative incidence of asthma" and "5-year cumulative incidence of rhinitis". The "5-year cumulative incidence of asthma" was defined as no report of physician-diagnosed asthma and no wheezing at baseline in 2000, but physician-diagnosed asthma was reported in 2005. The "5-year cumulative incidence of rhinitis" was defined as no report of physician-diagnosed rhinitis in 2000, but physician-diagnosed rhinitis was reported in 2005.
The main explanatory variable was eczema. Eczema in early childhood was defined by affirmative responses to the question "Has your child had an itchy rash at any time in the last 12 months?" in the baseline questionnaire in 2000.
Secondary analysis was performed for subgroups of eczema, persistent eczema, severe eczema and early onset of eczema, and their association with later development of allergic airway diseases. Persistent eczema was assumed when children reported signs of eczema both at baseline and at follow-up; the questions asked were: "Has your child ever had an itchy rash (eczema) which was coming and going for at least 6 months" and "Has your child had this itchy rash at any time in the last 12 months?" in 2000, and "Has your child had this itchy rash at any time in the last 12 months?" in 2005. The onset of eczema was determined form the question "At what age did this itchy rash first occur?" in 2000, and it was categorised into "early onset" if symptoms occurred before the age of 1 year. The question "In the last 12 months, how often, on average, has your child been kept awake at night by eczema?" was included in the ISAAC eczema questionnaire as a measure of the severity of eczema, where sleep loss several times per week was considered to be severe eczema [17, 18] . To simplify analysis, the severity of eczema was re-categorized, by using "any awakening at night" as an identifier for moderate to severe eczema, and "no awakening" was considered to be mild eczema. Information on single parenthood was obtained via the question "How many adults are currently living with the child"; two adults caring for the child could be any two adults.
Statistical analysis
The association between eczema in early childhood and the development of asthma and rhinitis was estimated by using univariable logistic regression and expressed as odds ratios (ORs) with confidence intervals (CIs). Statistical significance was assessed using the likelihood ratio test (LRT; p < 0.05). Characteristics of participants and non-participants were compared in drop-out analysis using the chi-square test (p < 0.05). Crude analysis of the association between all other risk factors, and asthma and rhinitis were performed. Linear trends of variables with several categories were evaluated. In multivariable logistic regression analysis, the ORs were adjusted for sex, age of the child, socioeconomic variables (parental smoking, number of adults living with the child, and type of house), and potential confounding variables, which included all other factors (see Table 1 ). The potential confounding variables were added in descending order of strength of crude association (smallest p-value first). Factors still associated with asthma and rhinitis were kept in the model. The interaction between eczema and sex was explored. The effect of different subgroups of eczema on asthma and rhinitis was examined. Because of the strong association between persistence, early onset and severe eczema, three adjusted models for these groups are reported. Clustering by families was considered. No clustering effects were found after statistical assessment. The results obtained using robust standard errors, generalised estimating equations, and random effect modelling were similar to those obtained from the analysis of single subjects in terms of the exposure outcome relationship, and no evidence for significant intra-cluster correlation was found. Therefore, ordinary logistic regression models are shown that ignore clustering. The Hosmer and Lemeshow goodness-of-fit test statistic provided evidence that the models were a good fit to the data [19] . We undertook a sensitivity analysis and used questions that asked about symptoms of asthma/rhinitis (wheezing and runny nose) and questions that asked about doctors' diagnoses (asthma and rhinitis). This was performed in case people's perceptions of symptoms are stronger indications of health than reports of doctors' diagnoses.
Power
Assuming that 7.3% of children with eczema and 2.5% of children without eczema develop asthma later in life, this study had the power to detect an odds ratio of 2.8 with 96% power.
All analyses were carried out using STATA, version 11 (STATA Corp., College Station, TX).
Results
The study population consisted of 3,124 children, aged 1-2 years from 2,526 families due to siblinghood. The study population showed equal distribution regarding age and sex. Most children were breastfed (97.4%), and living with two adults (93.8%) in a single-family house (82.4%), with non-smoking parents (77.8%). A high proportion of children had at least one parent with a history of allergic disease (49.0%, Table 1 ). In the 1-2-year-old children, the prevalence of baseline eczema was 17.6% (n = 551; 95% CI, 16.3-19.0%). The cumulative 5-year incidence of asthma was 3.1 % (2.5-3.9) and rhinitis was 5.6% (4.8-6.5).
Drop out in the study
Of 4,020 children aged 1-2 years, who participated in the baseline survey in 2000, 3,124 children participated in the follow-up in 2005. A total of 896 children did not continue participating in the study. There were no differences in background (age and sex) and health factors (prevalence of eczema, asthma, wheezing and rhinitis, and parents with history of allergic disease) measured at baseline between the children participating in both surveys compared with the "drop-outs" (p > 0.05). However, there was a higher prevalence of socioeconomic risk factors, parental smoking (30.5% vs. 22.2%; p < 0.001), one adult living with a child (11.1% vs. 6.2%; p < 0.001), and living in a multifamily house (27.0% vs. 17.6%; p < 0.001) in drop-outs compared with that in participants.
Odds of developing asthma and rhinitis
Unadjusted analyses showed that children with eczema at baseline had more than a 2-fold increase in the odds of developing asthma (OR, 2.85; 95% CI, 1.72-4.71) and a 3-fold increase in the odds of developing rhinitis (OR, 3.14; 2.27-4.36) compared with children without eczema at baseline. The odds for developing asthma and rhinitis remained increased after adjustment (aOR, 3.07; 1.79-5.27 and aOR, 2.63; 1.85-3.73, respectively) for eczema, sex, age, family history of allergic disease, asthma, length of breastfeeding, PVC-flooring material in the home, type of building, environmental tobacco smoke, and number of adults living with the child (Table 2) .
Different subgroups of children with eczema
In adjusted analysis, children with persistence of eczema, early onset of eczema, or moderate to severe eczema had even higher odds of developing asthma and rhinitis than children with eczema in general. The odds of developing asthma and rhinitis was 5-fold in children with persistence of eczema compared with the absence of eczema (aOR, 5.16; 2.62-10.18 and aOR, 4.00; 2.53-6.22, respectively). Early onset of eczema was a strong risk factor for the incidence of asthma (aOR, 3.44; 95% CI, 1.94-6.09) and the incidence of rhinitis (aOR, 4.05; 95% CI, 2.82-5.81) compared with children without eczema, whereas there was no significant (Table 3) .
Other risk factors for development of asthma and rhinitis during a 5-year period
In adjusted analysis, a parental history of allergic disease increased the odds of developing asthma and rhinitis by 2-fold. The odds of developing asthma was 2-fold and that of developing rhinitis was 59% higher in boys compared with girls. Further, asthma increased the odds of developing rhinitis by nearly 3-fold, and a period of breastfeeding shorter than 6 months increased the risk of developing asthma by 57% (Table 2) . PVC-flooring material in the bedroom increased the incidence of asthma and rhinitis, but statistical significance was only reached for the relationship between PVC flooringmaterial and rhinitis. Interestingly, PVC-flooring material had a higher effect on girls for the incidence of asthma and rhinitis in all models (data not shown).
Interactions between eczema and sex were explored and there was no effect of eczema on the incidence of asthma and rhinitis across sex strata (interaction pvalues: 0.747 for asthma and 0.664 for rhinitis).
Sensitivity analysis
For assessing the relationships between asthma and rhinitis and remission, we used different assessments of asthma and rhinitis to ensure that the relationship was stable and not dependent on which questions were used. We used both reports of symptoms and reports of doctors' diagnoses. Both of these reports were similar in both crude and adjusted analysis; eczema increased the odds of developing rhinitis symptoms (OR, 2.81; 2.23-3.55 and aOR, 2.39; 1.86-3.08) and wheezing symptoms (OR, 2.10; 1.37-3.23 and aOR, 1.97; 1.24-3.12).
Discussion
Our study found that eczema in early childhood was strongly associated with the development of asthma and rhinitis during the following 5-year period. Eczema was one of the strongest independent risk factors. Interestingly, when eczema was divided into subgroups, children with early onset of eczema, moderate to severe eczema, and persistence of eczema had the highest odds of developing asthma and rhinitis. This population-based prospective study confirms that early eczema affects later development of asthma and rhinitis.
Although some previous prospective studies were not able to show an association between early childhood eczema and later development of asthma and rhinitis [6, 8] , our findings are robust and in line with the study by Arshad et al [9] . In addition, similar results regarding severity have been found in both Gustavsson's and Ricci's eczema cohorts [12, 13] , which reported that eczematous children with high severity scores were at increased risk of developing asthma. To the best of our knowledge, our study is the first prospective cohort to show that early onset of eczema or persistent eczema increases the odds of later onset of asthma in both boys and girls, which is in contrast to a previous study that only showed a relationship in boys [20] . Definitions of asthma and rhinitis are important for the interpretation of results [15] . Our sensitivity analysis confirmed that the association between eczema and asthma/rhinitis remained when symptom-based criteria for asthma and rhinitis were used.
Possible explanations for the relationship between eczema and asthma and rhinitis
Evidence from several experimental studies has suggested that impaired epithelial function results in increased sensitization and IgE production [21] . In humans, the theory of epicutaneous sensitization is supported by the observation that exposing atopic children to topical emollients containing peanut protein leads to an increased risk of airway peanut sensitization [22] . Genetic factors, such as the common loss of function mutations within the filaggrin gene, are a risk factor for incident eczema and account for skin barrier dysfunction [23, 24] . Recently, it has been shown that filaggrin mutations affect asthma, which supports the hypothesis that impaired skin function acts as a gateway for allergens, increasing the risk of atopic airways diseases [25] .
Advantages and limitations
A major advantage of our study was its prospective design, which made results less subject to recall bias and allowed assessment of temporal relationships. Our study had a large sample size compared with earlier studies [6, 8] . Our results should be less prone to selection and ascertainment bias because of its population-based design. We also had a high response rate and limited loss to follow-up. There were no differences between the analysed sample and drop-outs in health-related variables; therefore results might have been biased towards 1. A higher prevalence of socioeconomic risk factors in children leaving the study, while assuming that low socioeconomic status is a risk factor for the incidence of asthma, might have biased the results towards 1 as well. Therefore, our conclusions that eczema is associated with later onset of asthma and rhinitis would not change if all children had participated. The advantages of the study design and performance allow generalization of results.
Reporting of eczema by questionnaire might have advantages compared with assessment by physicians, because eczema can be intermittent [26] . The term "itchy flexural rash in the last 12 months" has been shown to correlate well with diagnosis by a physician in a validation study performed in the UK on children aged 3-11 years [18] . Sensitivity in this previous study was 84% and specificity was 93% [18] . In addition, the ISAAC eczema questionnaire has been used for studies on pre-school children [26] . Although questions for diagnosis have been validated for eczema in 4-11-year-olds and for asthma in children aged 1-6 years [27] , the ISAAC questionnaire has not been validated for parental information regarding preschool children. However, we consider that it is unlikely that there was differential misclassification; random misclassification would mean that any bias in our estimates was towards null.
Currently, there is no clear definition of persistence of eczema, which is consistent as reported by Williams [28] . Illi [7] and Möhrenschlager [29] considered eczema as persistent when signs of the disease were present at different points of time. In our study, persistence of eczema was defined as having had eczema at least three times. Therefore, the risk of including children with "short-term rashes only" might be low, but we cannot exclude the possibility that some children classified as having persistent eczema had longer symptom-free intervals. It would have been advantageous to assess the prevalence of eczema more often during the study period.
Implications
Based on the results of our study, further evidence is required to unravel the underlying mechanisms of eczema in early childhood leading to asthma. Although we confirmed a relationship between childhood eczema and incident asthma and rhinitis, the association between childhood eczema and later asthma and rhinitis might still be separate and sequential, but are otherwise unrelated in the background of an atopic phenotype. Because the relationship between childhood eczema and incident asthma and rhinitis was temporal, strong, and linear, our findings suggest that the relationship might be causal. In this regard, impaired skin function might hypothetically be one explanatory factor [21] , and the effect of early and successful treatment of eczema should be explored regarding the incidence of asthma as one outcome measure [30, 31] . Further, it might be beneficial to estimate if objective measured sensitization (IgE) modifies or confounds the eczema/asthma relationship in future studies. Our study results have important implications for patient management since asthma can lead to high impairment and costs.
Conclusions
Eczema in infancy independently increases the odds of developing asthma and rhinitis during the following 5-year period. This association is present for children with eczema at baseline; however when they are divided into subgroups (severe eczema, early onset of eczema and persistence of eczema) the odds of the incidence of asthma and rhinitis further increases. Identifying risk groups is important for healthcare planning. 
